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ABSRTACT

Dianthus caryophyllus L. cv. "Tempo’ is an impotteat flower in the world. We used leaves as
target tissue for genetic transformation. The @fficy of two regeneration systems with insect
resistance (cry 1AB) gene was compared, throughobBapterium tumefaciensnediated
transformation. 100 mg/l kanamycin was selected tfansformation. The transformation
frequency was greatly affected by pre-conditionamgl co-cultivation duration. The highest
transformation frequencyl7.67% was obtained usialius regeneration system. The presence
and expression of the foreign gene was confirmedP®iR and insect toxicity bioassay. The
selected transformants showed normal phenotypesrunditro and in vivo conditions.
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INTRODUCTION

Carnation Dianthus caryophyllu&.) is one of the most important commercial cutvés of the
world. In U.S.A., it ranks next to rose in poputariCarnation is cultivated widely on a large
scale in Italy, Spain, Columbia, Kenya, Sri LanKanary Islands, France, Holland, Germany
and India. Being an important commercial crop, eagion of plant tissue culture and plant
genetic engineering in carnation cultivars is aéd@al value to obtain improved traits like disease
and insect resistance. Carnation is severely a&ffiebly Helicoverpa armigerawhich causes a
considerable economic loss (40.9 to 91%) by infigstiower budg1]. Modern biotechnological
tools could be of much significance to alleviatee thegative effects of chemicals and
biopesticides, which are generally used to conimekct pests. The use of transgenic crops,
expressing foreign genes could be an importantchgpéntegrated pest managemgzjt

In carnation, the classical flower breeding is tediand being a vegetatively propagated crop, it
further limits the available gene pool. This maktemm ideal target for gene transfer technologies
that have the potential to hasten the productiomesf genotypes and broaden the available gene
pool [3]. Genetic transformation provides an alternativamsefor elucidating gene function and
for making targeted single trait improvement innatly propagated plants. Two requirements
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for successful transformation are the ability tsaduce desirable genes into the genome and the
capacity to regenerate plants from the transforoaid[4].

Regeneration in carnation from callus explants I@sn reported to be difficult and depends
upon the genotype, explant and plant growth regrtdd6]. To apply genetic transformation
technology toDianthusspecies, it is essential to develop an efficieahplegeneration system.
In this genus only carnation has been used asttaBmg&ansformation since the first successful
reports of Lu et al[6] using Agrobacteriummediated methods with stem explants, and by
inducing transgenic shoots directly from the exfdasubsequent studies also used direct plant
regeneration systems from various explditd1]. There have been no reports on the use of
callus or cell suspension cultures for transfororain the genu®ianthus however, Shiba and
Mii [12] reported genetic transformation through cell sosfma culture irDianthus acicularis
Several reports are devoted to the developmerdganeration systems fBianthusspecieg10,

13, 14. This paper describes comparison of two regemmeragystems to find out the more
applicable forAgrobacteriutemediated genetic transformation with insect rasis¢ gene in
Dianthus caryophyllusv. Tempo'.

MATERIALS AND METHODS

Plant material:

Stem cuttings of carnatio(Dianthus caryophyllud..) cv. "Tempo’ were obtained from the
Department of Floriculture and Landscaping, Uniitgref Horticulture and Forestry, Solan
(H.P.), India. Leaf segments were isolated fronticgs and used as explants. The leaf segments
(0.5 cnf) were treated with 0.1% carbendazim (Indofil, Baypindia) solution for 10-15 min
followed by washing under running tap water forr8h. The explants were surface sterilized
with 0.5% sodium hypochlorite solution for 15 miolldbwed by 3-4 washings with sterilized
distilled water.

Two regeneration systems were compared to findlwutoetter one for genetic transformation
studies.

Regeneration through callus culture:

The explants were inoculated onto N5 medium supplemented with 2,4-D (2 mg/l), BA (1
mg/l) and sucrose (30 g/l). The pH of the mediuns adjusted to 5.8 followed by the addition of
0.8% agar. The medium was autoclaved a@2ind 1.1 Kg/cthfor 15 min. This medium was
named as callus induction medium (CIM). The cabibsained after four weeks of culture was
transferred to shoot regeneration medium (SRM)ainimg TDZ (2 mg/l) and I1AA (1 mg/l) for
shoot regeneration.

Direct adventitious shootregeneration:

Direct shoot regeneration was achieved by inocuagxplants onto MS medium (pH 5.8)
supplemented with TDZ (2 mg/l), NAA (1 mg/l) and 8@ sucrose and solidified with 0.8%
agar. This medium was designated as DSRM. Theregltwere kept in dark for two weeks and
transferred subsequently to 16:8 h photoperiodlii@ct shoot regeneration.

Shoots obtained from both regeneration systems wleregated and multiplied on the medium
containing BA (1 mg/l), sucrose (30 g/l) and sdietl with 1% agar (SEM). The shoots (3-4 cm)
developed after four weeks were transferred ontdinng medium (1/2 MS + 2 mg/l IBA and
0.2% activated charcoal) in 25 x 150 mm cultureetul§Borosil). The rooting medium was
referred as RM.
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All the cultures were maintained at 25€2under 16:8 h photoperiod (unless specified fok da
incubation) at photon flux density of 50-60 umdlen The shoots with well developed roots
obtained after four weeks of culture were transi@rto earthen pots (10 cm) filled with
sand:soil:farm-yard-manure (FYM) mixed in the ratid:1 for hardening in the glass house. The
plants were acclimatized by gradually reducinghtmidity.

Agrobacterium strain and plasmid:

DisarmedAgrobacterium tumefacierstrain EHA 105 harbouring binary vector pBin Btl sva
used for transformatiofit6]. The plasmid contains insect resistanagl(Ab) and kanamycin
resistancer(pt-l) genes driven by CaMV and NOS promoters, respegtivel

Kanamycin sensitivity test:

Pre-weighed explants were inoculated on callusdtidn and direct shoot regeneration media.
Before inoculation, the media were supplementedh iid, 20, 30, 40, 50, 100 or 200 mg/l
kanamycin (sterilized by Milipore membrane filt€.22 um pore size). The observations on
fresh weight increase were made at weekly intdiNdive weeks of culture.

Pre-conditioning of explants:
To observe the effect of pre-conditioning duratitme explants were inoculated on CIM and
DSRM and incubated for 24, 48, 72 and 96 h.

Co-cultivation of explants:

The fresh culture oAgrobacterium tumefaciensas prepared by overnight growth of a single
colony at 28C in 10 ml liquid yeast mannitol bacterium (YMB) diem [17] containing
kanamycin (50 mg/l). The bacterial culture was Girged at 5000 rpm for 10 min. The pellet
was resuspended in 1- 2 ml liquid MS basal medianotitain a density of focells per ml
(ODs40 = 0.520). For infection, pre-conditioned explamtere dipped in freshly prepared
bacterial suspension for 10 min. After blotting gvilae excessive bacterial culture, the explants
were placed again on the same media used for préitcmning and incubated for 24, 48, 72 and
96 h in dark for co-cultivation.

Selection and regeneration from callus:

The co-cultivated explants were washed in MS blgaild medium, blotted dry on sterile filter
paper and transferred to selective CIM containi@ghdg/l kanamycin (HiMedia, Bombay,
India) and 500 mg/l cefotaxime (Ranbaxy, India)tidtly the cultures were subcultured for 2-3
times at weekly interval to avoid excessive baategrowth. After four weeks, the calli were
subcultured to fresh medium for callus proliferatiand transferred subsequently on selective
SRM having 100 mg/l kanamycin and 500 mg/l cefotexi Percent shoot regeneration and
average number of shoots per callus were quantifiedl four weeks of inoculation.

Selection and regeneration of direct adventitious shoots:

The co-cultivated explants were washed, blottedadiy cultured on selective DSRM containing
kanamycin (100 mg/l ) and cefotaxime (500 mg/l)eTdultures were incubated in dark for two
weeks and transferred to light subsequently foedliradventitious shoot regeneration. The
percent shoot regeneration and average numberootsper explant were quantified after four
weeks of culture. The putative transformed shobtained from both the regeneration systems
were transferred to selective medium supplemeniddBA (1 mg/l) and kanamycin (100 mg/l)
for shoot elongation. The escapes (non-transforshamere removed by subculturing the green
shoots on the respective selective media at arvaitef four weeks (two cycles, 4 week/cycle).
The kanamycin resistant shoots were multiplied & mwledium supplemented with BA (1 mg/l)
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and | kanamycin (100 mg/). The shoots were rootedatective RM containing | kanamycin (50
mg/) and hardened, as described earlier. Aftewsieks, percent survival of plants was recorded.

All the cultures were maintained at 25€2with 16:8 h photoperiod (50-60umofits), unless
specified for dark incubation. The experiment weseated thrice .

Polymerase chain reaction analysis:

The PCR amplification was conducted on genomic DdtAated from the leaves of kanamycin
resistant shoots following the method of Offringel d.ee[18]. The DNA was amplified through
thermal cycler (Perkin-Elmer, USA). A forward prime 5'-
CCCGCTCCTCTCCGTCTACGTCC-3 and a reverse primer 5'-
GGGCCCCTTCACCACCGATGTTCC-3' were used to identihetpresence afrylAb gene.
Each PCR reaction mixture (20) consisted of 10.21 Milli Q water, 0.4ul of 2U Taq DNA
polymerase, 2u of 10X Tag DNA polymerase buffer, 1.8 ul of 25 mMQCl,, 1.6 ul of 200
mM dNTPs, 1ul of 5 pM each primer and j@ of 50 ng genomic DNA. The conditions for PCR
reactions were; one cycle at°@for 4 min as pre-heating, 32 cycles af®4or 60 sec
(denaturation) 5% for 60sec (annealing), T for 120 sec (extension) and one cycle 4C7r

5 min (final extension). Plasmid DNA used in tramsfation served as a positive contol while
DNA from non-transformed plants was used as a negabntrol. The amplified products were
separated on 1.4% agarose gel and stained wittli@tihibromide to visualize with using a UV
transilluminator and photographed using gel docuatem system (Alpha Imager, USA)aq
DNA polymerase, 10X buffer, dNTPs and 25 mM Mg@kre obtained from Bangalore Genei,
Bangalore, India.

Bioassay for insect toxicity:

Eggs ofHelicoverpa armigeravere hatched and second instar larvae were reared artificial

diet consisting of chickpea soaked in water foh48he tests were conducted using excised leaf
tissue from control and transformed plants.. Tisei@i observations on the feeding and mortality
rate of larvae were recorded daily till one weekeTbioassay experiment was repeated three
times.

Statistical Analysis:

The experiments were conducted in a completelyaarzkd design (CRD). The data recorded
on different parameters were subjected to anabfsisriance (ANOVA) using CRIP19]. Data
transformation was carried out as needed to saf®PVA requirements. Once significant
treatment effects were found, Fischer’s least igamt difference (LSD, £0.05) was used to
compare the means.

RESULTS AND DISCUSSION

Kanamycin sensitivity test:

The test revealed that the kanamycin at a condemtraf 100 mg/l was optimum for selection of
explants inducing callus or regenerating shootsctly. In kanamycin free medium (control), the
explants were healthy and produced callus with mari increase in fresh weight after five
weeks. Concentration above the optimal level turttezl material completely necrotic with
negligible increase in fresh weight. These restitsformed the earlier findind$, 9, 2Q but
contrary to thos§21] who made selection at kanamycin (250 mg/l).

Effect of pre-conditioning and co-cultivation duration on transformation frequency:
Pre-conditioning and co-cultivation had a markddafon the production of kanamycin resistant
material Co-cultivation of the explants for 96 h preceded9®yh pre-conditioning resulted in
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highest percentage of kanamycin resistant leafaexplproducing callus (17.67%) whereas 96 h
pre- conditioning followed by 72 h co-cultivatioesulted in highest percentage of explants
regenerating shoots buds directly (1.66%). The @mpn of two regenerating systems for
producing higher percentage of kanamycin-resistaatierial clearly showed the superiority of
callus phase regenerating system over the oth#rgave maximum transformation rate in the
presence of kanamyciTdbles -1 and 2. The percentage of explants growing well on the

selective medium was calculated as transformatigguncy.

Table 1. Effect of pre-conditioning and co-cultivaion duration on leaf explants inducing callus and ptative
transformation rate after one month of culture on €lective medium

Pre-conditioning | Co-cultivation | Number of explant | Number of explants Putative

duration (h) duration (h) treated inducing callus on | transformation
selective medium rate (%)

24 24 15 0.00(1.00) 0.00(1.00)

24 48 15 0.00(1.00) 0.00(1.00)

24 72 15 0.00(1.00) 0.00(1.00)

24 96 15 0.00(1.00) 0.00(1.00)

48 24 15 0.00(1.00) 0.00(1.00)

48 48 15 0.00(1.00) 0.00(1.00)

48 72 15 0.00(1.00) 0.00(1.00)

48 96 15 0.00(1.00) 0.00(1.00)

72 24 15 0.00(1.00) 0.00(1.00)

72 48 15 0.85(1.21) 5.66(2.58)

72 72 15 1.29(1.52) 8.66(3.10)

72 96 15 1.60(1.62) 10.67(3.41)

96 24 15 0.00(1.00) 0.00(1.00)

96 48 15 1.24(1.50) 8.33(3.05)

96 72 15 2.44(1.82) 16.33(4.16)

96 96 15 2.65(1.91) 17.67(4.32)
CDq o= (0.05) (0.02)

Figures within parentheses are arc sine transformaldes

Table 2. Effect of pre-conditioning and co-cultivaion duration on adventitious shoot bud induction awl
putative transformation rate after one month on setctive medium

Pre-treatment | Co-cultivation | Number of | Number of explants | Number of Putative
duration (h) duration (h) explants inducing shoots shoot buds Trans-
treated buds per explant Formation (%)

24 24 30 0.00(1.00) 0.00(1.00) 0.00(1.00)

24 48 30 0.00(1.00) 0.00(1.00 0.00(1.00)
24 72 30 0.00(1.00) 0.00(1.00 0.00(1.00)
24 96 30 0.00(1.00) 0.00(1.00 0.00(1.00)
48 24 30 0.00(1.00) 0.00(1.00 0.00(1.00)
48 48 30 0.00(1.00) 0.00(1.00 0.00(1.00)
48 72 30 0.00(1.00) 0.00(1.00 0.00(1.00)
48 96 30 0.00(1.00) 0.00(1.00 0.00(1.00)
72 24 30 0.00(1.00) 0.00(1.00 0.00(1.00)
72 48 30 0.37(1.25) 0.96(1.40 1.23(1.49)
72 72 30 0.32(1.15) 1.03(1.42 1.06(1.43)
72 96 30 0.43(1.12) 1.23(1.49 1.43(1.56)
96 24 30 0.00(1.00) 0.00(1.00 0.00(1.00)
96 48 30 0.49(1.19) 1.36(1.53 1.63(1.62)
96 72 30 0.50(1.21) 1.33(1.52 1.66(1.63)
96 96 30 0.49(1.19) 1.43(1.33 1.63(1.62)

CDq o= (0.02) (0.02) (0.01)

Figures within parentheses are square root transfed values
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Co-cultivation period of more than three days hlbgen successfully used in carnation cultivars
[6, 22, 23. However, 24 h co-cultivation duration preceded/Byand 96 h pre-conditioning did
not produce any response indicating that transfbomarocess was not completed within this
duration. Similarly, 24, 48, 72 and 96 h co-cultiva preceded by 24 and 48 h pre-conditioning
also yielded no responsg&ables -1 and 2.

In the present study, the explants were woundedréefo-cultivation for pronounced wound
response. The explants were dippedigrobacteriumsuspension for 10 min and kept for co-
cultivation in dark. The gene products encoded ipyagion of Ti plasmid are induced in the
bacterium during co-cultivatiof24] when it comes in contact with the phenolic eximhafrom
the wounded edge of the explant, resulting in thesfer of T-DNA into the plant genoni25].
The co-cultivated explants were transferred ongpeetive selective media for callus induction
and direct shoot regeneration.

Fig — 1L Regeneration of transgenic plants from leaf callus
A. Callus on selective CIM after two weeks.
B. Shoot regeneration from leaf derived calli orestive shoot regeneration medium.
C. Rooted plantlet on selective rooting medium.
D. Hardened transgenic plants after six weeks.

Selection and regeneration from callus:
Maximum percentage of kanamycin resistant matewak obtained in the explants pre-
conditioned for 96 h followed by 96 h co-cultivatiotherefore further observations were
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restricted to the explants of this treatmenalfle - 1). Within two weeks on the selective
medium, an average of 17.67% explants showed callisction and within four weeks the
whole surface of the explants was covered whig.(-1A). The control and some of the co-
cultivated explants become completely necrotic wittwo weeks of culture on selective
medium.

The growing callus on putatively transformed exfdamas sub-cultured and 6.13% of growing
callus differentiated and showed shoot bud induactiith an average of 2.90 shoots/callkig).

— 1B). The shoots thus obtained were green colourechand of them were necrotic, indicating
the presence oftrylAB gene and indicating that regeneration has oeduronly from
transformed cells of callus, while non-transgenalus turned dark and did not show
regeneration. Lu et aJ6] transformed carnation and found that out of 144wtvated stem
segments, 12 grew well on selective medium and sdd®lJS activity.

On selective rooting medium 71.33% shoots induaadsr Fig. — 10 and the plantlets thus
obtained showed 80% survival upon transfer to gieig. — 1D). All transformed plants showed
normal phenotyp@ vitro and under glasshouse conditions.

Fig — 2. Regeneration of transgenic plants by diré@dventitious shoots from leaf explant
A. Direct shoot regeneration from leaf explants oresttVe DSRM after four weeks.
B. Shoot multiplication on selective shoot multiplioatmedium.
C. Rooted plantlet on selective rooting medium.
D. Hardened transgenic plant after six weeks

Selection and regeneration of direct adventitious shoot buds:

The observations were made for the explants cavetdid for 72 h preceded by 96 h pre-
conditioning [Table - 2. Four weeks (two weeks in the dark followed W tweeks to light)
following transfer to the selective medium, anrage of 1.66% co-cultivated explants showed
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shoot bud induction with 1.36 shoot bud per expl@ig. — 2A). The explants surviving
selection pressure were transferred to light (16:Bhotoperiod). Shoots were elongated on
selective elongation medium (SEM) and subjectetivio selection cycles to remove escapes.
After four weeks the shoots were separated anduredltindividually on the fresh shoot
multiplication mediumFig. -2B).

In this study, kanamycin served as an efficienec@ele agent where the escapes or non-
transformed tissue showed loss of chlorophyll aawl easily be removed. All the green shoots
growing on the selective medium were found tramséd when assayed by PCR.

Root induction started within two weeks and congldevelopment of roots was observed
within four weeks [Fig. — 20 resulting in 70.33% rooting. Upon transfer togptite survival rate
of plantlets was 82.17%-1g. — 2D).

In comparison, direct shoot regeneration systenbkas used earlier for genetic transformation
in carnation[8-11] as it does not involve long de-differentiation gphaand the problem of
chimeral shoots due to somaclonal variations isuced. In the present study, the callus-
mediated regeneration system seems to be promasidgmay help in carnation improvement
programs as higher transformation frequency wagrobd in this regeneration system than the
direct shoot regeneration system.

12345678 % 101112 13

1kt

Fig — 3 PCR analysis of genomic DNA isolated from leave$ non-transformed and transformed shoots.
Lane 1 = A 500 bp DNA ladder.
Lane 2 = Plasmid (positive control).
Lanes 3 and 4 = DNA samples from non-transformetdrots.
Lanes 5-8 = DNA samples from callus-derived tramafmts (T-T,)
Lanes 9-13 = DNA samples from direct shoot bud é¢tida transformants (FTg).

Polymerase chain reaction analysis:

The PCR analysis revealed 1&tylAbgene amplification from genomic DNA isolated frah
kanamycin resistant shoots DNA samples showed &stplgene bands witltrylAb gene
specific primers, thereby indicating the presence ategration ofcrylAb gene in these nine
shoots (T —Tg). No amplification products were observed for riansformed control shoots
(Fig - 3). The transformation frequency was still low prblyathe recalcitrant nature of the
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carnation cells affects transformation. The retaot nature of cells affecting transformation
was reported irHypericum perforatunj26]. No reports were available on the use of callus or
cell suspension cultures for transformation becaigte difficulty in regenerating plants from
highly de-differentiated cultures in carnation. Thansformation frequency of 2.5% was
reported inAgrobacteriummediated transformation of petal explants of céonacv. "White
Sim’ [23]. The expression of the gene was further confirtnedn insect bioassay.

Bioassay for insect toxicity:

The crylAb gene expression in PCR positive plants was coefirtoy insect bioassay. All the
transformed plants showed strong expression ofcinsgsistance gene, inferred from lesser
feeding of the leaves by the larvae as comparembmdrol. 100% mortality was observed in 7
days of initiation of bioassay experimeiiaple - 3.The degree of insect protection conferred

by the expression of therylAB protein in transformed carnation was significagitshown by
insect bioassay.

Table 3. Percent mortality in second instar larvaef Helicoverpa armigera in transgenic plants

Days Mortality (%)*
Callus regeneration system Direct shoot regeneratiosystem
Control Transgenic Control Transgen
1 0 0 0 0
2 0 0 0 0
3 0 26.7 0 13.3
4 0 46.7 0 33.3
5 0 73.3 0 66.7
6 0 100 0 86.7
7 0 - 0 100

*Mean of three experiments. Five larvae per experitrin each system
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